CHAPTER: REMOTELY PILOTED AIRCRAFT
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1. INTRODUCTION

Remotely piloted (or unmanned) aircraft are rapidly emerging as a new sector of civil
aviation. As regulatory agencie®rk to integratethese aircrafinto the existing

aviation system, they must contend with a unique set of human factors that are not
yet fully identified or understood.

These aircraft are sometimes referred to as drones, uninhabited aircraft, or

unmanned aerial vehicles (UAVs). Throughout this chapter, the terminology of the

International Civil Aviation Organization (2015) willused The i S N¥motieliNJ

LIA £ 2 ( S R(RPAMWIN KR Ndedolrefer to the aircraft, in both the singular and
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intent is to refer to the entire system, comprising the aircraft,dbntrol station,

communication links and other elemeniBheworkstation of theremote pilot will
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Any discussion dRPASs complicated byhe diversityof the sectorandthe rapid
rate at which it is developindRPArange frominsectsizedmicro air vehicles, ttarge
jet aircraft such as th&lobal Hawkln betweenare electricrotorcraft, numerous
fixedwing aircraft, and balloons that can remain aloft for extended m#sjalimbing
and descending as necessary to take advantage of prevailing wiodsrther
complicate matters, rany RPA$clude featureshot typical of conventional
aviation, such as catapult launch systems, electric engines, and solgdse&eliKgure
1).

Figure 1 Three examples of remotely piloted aircrgfh) Thel8 kg catapultlaunchedinstu Scafagle(Photo
courtesy Insitu)b) 6,700 kg High Altitude Long Endurance (HALE) Global (Ré&atocourtesy Northrop
Grumman)c) AeroVironmentHelios Prototypeasolar poweredlying wing designed for londuration, high
altitude missions in the stratosphe(&lASAphoto, Nick Galante)
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Much of the recent growth of this sector has involadallelectricrotorcraft used
for aerial photographysite surveysandinspections obuildingsand infrastructure
(Association for Unmanned Vehicle Systems Internati@tdl6). TheUS Federal
Aviation AdministrationKAA 2016) hasreleasedregulations that allowightweight
RPAto be flownnear the groundwithin sight of the pilot Currently, lowever, no
regulationsare in place to allow larger, more capable RP£otdinely fly beyond
pilot line-of-sight in airspace shared with conventional aircraftis chapter focuses
onthe human challenges that must be addres®efioretheseRPA can be fully
integrated intothe civil airspace system

Thepotential usesof these aircrafincludepipeline and rail track inspectigpolice
and firefightingmineral explorationagricultuie, mapping,wildfire monitoring and
environmental research.ongendurancefixed-wing systems and free balloons have
potential as High Altitude Platforms (HAR®)telecommunications or remote
sensing tasks that might otherwise haegjuired a satellite.In the nottoo-distant
future, convertedairline aircraftmay operate as unmanned freightgfSmith, 201Q)

Despite the diversity of designs andssions all RPAS have features in common,
notably the physical separation of the pilot from the aircrafintrol via radio
signalsanda remote controinterface These characteristics, in turmtroducea set
of humanfactorsthat are not typical of conventional aviatioA key objective of this
chapter is to raise questions amdentify areas in need aksearch.

2. HUMAN FACTORS OF REMOTELY PILOTED AIRCRARNS

RPA have experienced a significantly higher accident rate than conventionally
piloted aircraft. In the early 2000s, accident ratessome RPA were between 30
and 300 times higher than theomparablerate for general aviatioiTvaryanas,
Thompson& Constable, 2006)n the years 200€010, MQ-9 RPAoperated by US
Customs and Border Protection had an accident rat&3oper 100,000 hours,
although thsfigure must be interpreted with caution as it was based on a relatively
small total of flying houréalinowski& Allen, 2010) The US Army has reported an
accident rateof 49.3 per 100,000 flying houfsr its RPAcompared with 4.4 foits

1 The FAA (2013) has stated that future integration of RPA into civil airspace will require that each RPA be
under the control of a pilot who will comply with all ATC instructions, no pilot will control more than one
RPA at a time, RPA will be capable of flight under instrument flight rules, and autonomous operations will
not be permitted.
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manned aircrét. The armyacknowledgeshowever that the rate forRPA may ba

low estimatedue tosignificantunderreporting of mishaps (Prather, 2013}atistics

for accidensin which the aircraft is destroyeehable more reliable comparisons to

be made between RPA and manned aircraft as there iplasstial forunder-

reporting or differences in definitions. In 2015, the most recent year for which data

are available, M€Q operated by the US Air ForeSAF)vere destroyed at the rate

of 4.0 per 100,000 hours flowiihis is a significant improvemeaover earlier years,

yet is sill markedly higher than theomparable accidentrat€ 2 NJ 4 KS | { | CQ4&
aircraft, of 0.41aircraft destroyedper 100,000 flying hars (USAF2015).

The higher accident rate for RPA can be partly explaingddhnologicafactors
such as the usef non-certificated componentanda lack ofsystemredundancy.
However,inadequate consideration ¢dfuman factos by sysgm designerasalso
contributed to the accident recordTvaryanas, 2004Villiams, 2004)

Thefollowing sectionsontain an overview ahe human challenges of remotely
piloted aircraft with a focus on the points of difference between this sector and
conventionalaviation The illustrative quoteshroughout the textare fromremote
pilots whopatrticipated in focus groups conducted Hpbbs, Cardozand Null
(2016). Pilotswere asked to recall hazardous event or error that had occurred
whenoperating an RPAs well asrevealinghumansystem integration challenges,
their reports also illustrate the positive contributidghat humansmake tothe
performance of highkautomated, remotely operated systems.

2.1. Reduced sensory cues

Lacking the ability thiear the sound of hail on the fuselage, smell an onboard fire,
feel turbulence, or notice ice accumulating owismdshield the remote pilot relies
almost entirely on visual displays to monitor the state of the aircéafenwhen the
RPAs equipped witha camera, the image qualitpay be limitedandthe field of

YI Yy

viewmay bereducedii 2 I yF NNB g da2RI AGNI g¢ LIAOGdzNB

The sensory isolation of the remote pilot may makenore difficult toidentify and
recover fromthreats and errorsa function that iperformed routinely by the pilot
of a manned aircraffHelmreich, 2000)For example, oneemote pilot was
apparently unaware that the aircraft was flying upside dashmortly before it
crashed(Whitlock, 2014)In many cases, these displays present dataxtual form,

which may further impede the flowf information to the pilot.In the following
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example, the pilot was unaware that the RPA had a stuck throttle until it failed to
level off:

owWe fly based on digital gauges. We don't hear or feel anytlikeyRPM
changesX. The aircraft is supposed to level off, at say, 5,000', and there is a
delay due to data link to know if it actually leveled &ffAs opposed to a real
aircraft[where] you can feel the airplane leveling gffcouldn't determine if

it was still climbing until | noticed it was 300' past its command altittide.

A solutionmay beto provide theremote pilot with a greater variety of sensory
inputs, includinghapticor auralcues(Arrabito et al., 2013¢Giang & Burns, 2012)
and graphical displayg.g, Kaliardos Lyall, 2015McCarley &Vickens, 200b
Research is needed to identify the sensory cues that will be most useful to the
remote pilot, andthen to make the case that thbenefits would justify theadded
cost and canplexity.

2.2 Gontrol via radiolink

Unlike the mechanicatontrol cablesor fly-by-wire systensof a conventional

aircraft, the RPASly-by-wirelesscontrol link introduce control latenciesandthe

possibility of complete interruptioin some circumstance®RPAS technolognd

pilot procedures museachbe designed to accommodate these limitatiofsgure 2

shows the elements of a typical RPAS, including the RPA, the control station, and the
communication links. Two distinct links are shoargroundbased link that is used

when the RPA is operatginwithin lineof-sight of aground antennaand a satellite

link that providescommunication ovegreater distances
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Figure 2 The Remotely Piloted Aircraft System (RPAS) consists of the Remotely Piloted Aircraft (RPA), the

Remote Pilot Station (RPS), and the associated communications systems.

A pilot command from the control station can take around 100 ms to be uplinked to
the RPA if the signal is transmitted from a nearby ground antenna. Most of this delay

is the result of signal processing at either end rather than the time it takes radio

wawes, traveling at the speed of light, to reach the aircraft. With an equivalent delay

on the downlink, the total roundrip latency between a command and the response
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additional processing steps and the distance that must be traveled by the signal can

produce roundtrip latencies of 1000 ms or more (Tvaryanas, 2008a)ikea

hobbyist flying a radi@ontrolled aircraft, whose commands are delayed on the

uplink, but who carirectly observehe aircraftresponsen real time, the RPA pilot

must contend with the sum of the uplink and the downloiddays

Tracking tasks can be impacteddyynmandresponse delays df0Omsor less
Longer delayand variable latenciemcrease he difficulty of these tasks even
further (Wickens, 1986 An RPA thatelied on continuous pilot control inputs to
maintain stable flightvould bedifficult to controlvia a satellite linkand wouldalso
be unable to tolerate linknterruptions Forthesereasors, virtually allRPA require

some level of oRboard automation.

The introduction of highhautomated airline aircraft in the 1980s led to
improvements in safety and efficiency (Orlady & Orlady, 1999) but was also
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accompanied by newhallengess pilotstransitioned to the role of managers of
automated systemsData entry errors and loss of situational awareness became
areas of increasing concern, and terms suchade confusiopautomation surprise
andautomation complacencyere coined to epress the emerging issuethe RPAS
sectoris currentlyexperiencing some of the same problemih systemghat were
developedwith little apparentregard for human factors principles remains to be
seen whether remote operation via radio link will make it more difficult for the pilot
to manage automated systems, possibly exacerbating the impact of clumsy
automation.In the following case, the behavior tife RPAsurprised the remote

pilot, who was nevertheless able to intervene and recover the situation

d X put the airplane into a holding patteriXThe aircraft turned in the
opposite direction than what | wanted it to do. To correct the situation, |
overrode the aircraft. | hadrte aircraft go into the hold again and the
aircraft did it agairé [The arcraft wassuccessfully rairected onasecond
attempt].

2.2.1. Link management

In addition to managingystems orboard the arcraft, theremote pilotmustalso

manage thecontrol link. With the control system reéint on radio signals, the

standard preflight control check becomes particularly important. During flight
planning the pilot must take into account the predicted strength oflihk

throughout the intended flightind developathree-dimensionabpicture ofthe link
strength atvarious altitudesand distances fronan antennalocated on the ground

A signal coverage map may show this information in a 2D format, typically displaying
shadows where the signailill be blocked by terrain or obstructions. As the distance
between the aircraft and the ground antenna increases, the aircraft may need to fly
higher to maintain a link with the ground statiof.link strength indicator is a critical
display in the RPS, althougHhots report sometimes using less precise cues, such as

I Ggayz2geé OF YSNI AYI IS (2 Thetebgpead®bd y A YLISY RA
no published research examining how best to support pilot awareness of actual and
predicted link status

2.2.2.Los of link Implications for the remote pilot
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Noradio control link can be guaranteed to be 100@tiable, and there will be
occasions when thiénk will be unavailableA pre-programmedost linkprocedure
enablesthe RPA to continue flight a predictable manneuntil the link is resumed.
Theproceduremay involveeither a simple maneuver such ambingto re-gain a
signa) ora more complexylan, such adlying to a predetermined positionRather
than being perceived as an emergencye Hctivation of thdost linkprocedure can
be seen as eesponse to amon-normal situation analogous to aiversionor a ge
aroundin a conventional aircraft.

A lost link event can consist dfree stagesas shown in Figure Shstage 1the link
hasbeen interrupted, but the aircraftontinues to fly in accordance with the last
command received from the piloBome link outages will last a few milliseconds

(ms) whereas others may extend for minutes or even hours. It would be disruptive if
the RPA sirtedto fly itslost linkprocedure each time a brief link interruption
occurred.Therefore, @ on-board timer is needed to measure the duration of the
outage, and activate thiost linkprocedure after a preset interval has elapsed. In

the terminal areathe lost linkproceduremay need to commencafter an outage of

a few seconds.|&ewhere the RPA mape able tosafely continue along its planned
flightpath for an extended period befe entering itdost linkprocedure

>

N

y

N

a

>~

N

3

Normal STAGE 1 STAGE 2 STAGE 3
Operation RPA continues Lost link procedure Pilot recovers control
on planned route activated

>

N

F

Figure3. Sages ofalost linkevent

oNuisance lost linkeventshavesometimes promped remote pilots to dday the
activation of thelost linkprocedure, or inhibiit until the aircraft has reached a
certain locationIn this example, the pilaised a workaround textend the
duration ofstage 1 to prevent the RPA fromepeatedlyturning for home
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time-out feature just short of the actual mission duratibrg

If the aircraft will remain in stage 1 for a significéinte, the pilotmustbe aware
that each command sent to the aircrafouldbe the last|f a link interruptionwere
to occur.For example, a temporary turn towards rising terrain may become
irreversible if the link is interrupted before a follewp commarl can be sent to the
aircraft.

In stage 2of alost linkevent, the RPR @re-programmedost linkprocedureis
activated Differentlost linkprocedureswill be appropriateaccording to the location
of the aircraft and the stage of flighTthe RPAilot musttherefore remain aware of
the currentlost linkprocedure,updating itas frequently as every 10 minutes
ensurethat it has not become stale, evould notcreate a hazardous situation if
activated(Neville, Blickensderfer, Archer, Kaste, & Luxi&ir,2).In the following
example, a problem with thiost linkprocedure was detected during a control
handover:

0At the beginning of the flight, thist linkprocedure was valid, but the
procedure was not updated later in the flight. At one point, liaelost link

LIN2 OSRdAz2NBE 6SSy OGAQIGSRE Al ¢2dz RQDS KI R
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and the error was caught in the handovertte next set of operatorg

In the third stageof the lost linksequencethe link is reestablished and thaircraft
transitionsbackto pilot control. The pilot must ensure that argontrol inputsmade
while thelink was interrupted do notesult in sudden changes in aircraft statben
the link is reestablishedDepending upon the length of the outage, and the location
and state of the aircraft, the pilot may need to evaluate whether the original flight
plan can be resumed

Loss of linkcanoccur for a variety ofechnical and humaneasonsThe pilot of a
conventional aircraft cannot accidently disconnect the cockpit from the rest of the
aircraft. Theremote pilot however, catmmake errors that will inadvertentlgichieve

this effect Paential human causes dbst linkinclude flying beyond th range of the
ground stationflying into an area where the signal is masked by terrain, frequency

selection errorsabrupt aircraft maneuverghysical disruptions to plugs and cables,
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and electronic loclouts in which a screen lock or security systemvents accessn
addition, the pilot must be alert toadio frequency interferencewvhether from
malicious or unintentional sourceAt the time of writing, the author was aware of
no studies examining the human causesost links.

2.2.3. Loss of link: Implications foAir Traffic Control

The behavior of the aircraft in the event ofast linkmust be predictableot only to
the pilot, but also to air traffic contrq]ATC)A simple programmed maneuviesuch
asaclimbor a turn towardsa specific locationmay beeasily includedn the flight
plan. Howevermore complex maneuvers that change throughout the fligiy be
more difficult to present toATCThere have been cases in which a common cause
failure hasresulted in multiple RPA losing link simultaneously (I2AM05. Although
this would hopefullybe a rare eventit could presentATCGwith a complicated traffic
picture.

To prevent the RPA from executingpat linkprocedure that contradicts an ATC
instruction received before thénk interruption, there may be occasions where ATC
will ask the pilot to inhibit thdost linkprocedurefor a set time, owntil the aircraft

has reached a particular locatiois well as a prassigned squawk code to indicate
alost link ATC may need to know the time remaining until the RPA will commence
its lost linkmaneuver A countdown timer could conceivably be included in the

I A NOdddablecley G(KS O2y iNRff SNDRa a02LS

2.2.4.The relay of wicecommunications vighe control link

Voice communication between the remote pilot and A3 typically relayed from

the control station to the RPA via ttemmandlink, and then reransmitted by an
on-board radio (RTCA, @0). In a similar way, transmissions from ATC and other
pilots in the vicinity are received by the radio on board the RPA and then relayed to
the remote pilot via the downlinkAn advantage of this system is that the remote
LIAE 20 OFy LI NIAYSENl 08 Y X gzyilditaBdN KRChif thidi 2 T f
may come at the cost of noticeable delaysice latencies can increase the

likelihood ofstep-ons, in which two people attempt to transmit simultaneously.
RPAS voice latencies are likely to be most problenvetien a satellite links

involved as illustrated by the following report:
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GThere is a delay between clicking the présgalk and talking. This is very
difficult to manage when in very busy airspace, and listening for a gap to talk.
Sometimes by thé&me we press the talk button, with the satellite delay, the
gap is gone and we step on other aircraft

Telecommunications research has found that 250 ms-aag delays can
significantly disrupt phone conversations (Kitawaktdh, 1991). Consistent with
this finding,FAA policy requires that communications systems delivervanage
one-way delay between pilot and ATC voice communicatafigss than 250 ms
(FAA, 2012)Several studies have examined the impact of contraltece latencies
that might be introduced byuture communications networkse(g, Sollenberger et
al., 2003; ZingaleMcAnulty, & Kerns2003).These studies have generally found that
one-way latencies in controller transmissionsugf to 350msare tolerable.In a
simulation studyVu et al (2015)found that remote pilot voice delays of 1.5 and 5
seconds produced comparable ratef stepons howeverfurther research is
required to identifythe dividing line between tolerable and disruptive voice
latencies for remoteoilot voice communications

A further implication othe RPASoice relay system is thatloss of linkvill not only
preventthe pilotfrom sendingcommand to the RPAbut it will alsointerrupt voice
communicationat this critical time. Future communication systems are likely to
solve this problemFor now, the pilot must rely on a telephone to regain
communication with ATC, as described by a remote pilot:

We were constantl talking to ATC via VHF to keep them updated and
coordinated We lostlinkd ¢ KSy ¢S NBFf AT SR GGKFd 65
number. We were able to finally call ATC, but it took a few minutes to find

the numbere

23.LYLIX AOF GA2ya FT2NJ aaSS FyR I @2ARE

Before RPA®anbe integratedseamlessly ito civilairspace, theemote pilot must
have a means tosee andavoick other aircraft whenever conditions permit4 CFR
91.113;ICAO2011) andto comply withother air traffic requirements that rely on
humanvision.Detect and Avoid (DAAystemdor RPABave been a major focus of
recent human factors research, including work by NAS#upport the development
of industry standards for DAA displa§®rn, Rorie, & Shivel2014; Rorie & Ern,

2015). Detecting and avoiding other aircraft is generally considered to consist of two
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related concepts, (Iemain wellclearand (2) collision avoidanc&o remain well
clear of other aircraft, theemote pilot must maintain an awareness of surrounding
traffic and make any necessary separatigraneuves beforethe intruder aircraft
posesan imminent threat. In controlled airspace, the pilot would be expected to
coordinate withATCbefore maneuveringas illustrated by the following report:

GL ¢la FfteAy3d 2y | KSIFIRAYy3I aaAaAdaySR o0& ! ¢/
traffic. On this display | was watching a flight block coming towards my

aircraft. | realized that wevere on a converging course so | queried ATC, and

they had no info on itWe fourd the traffic through swinging the ball

[pointing the onboard camera]The pilot of the converging [aircraft] was

completely oblivious to us. He was on a different frequency. | had to

Yy Sdz&SNI (12 | @2AR KAYdE

Therules of the air currentljeave it to thepilots of conventional aircraft to judge
what it means to remaimvell clearof other aircraft The introduction of DAA
technology requires that the term be defined preciséiy advisory committee
developing standards for DAA systems has definegd St t Of SI NE | & YSI yAy3
RPAand the threat aircraft do not come within 4000 ft horizontally and 450 ft
verticallywhen operatingaway fromterminal area. A time baseemetric, broadly
equivalent to 35 seconds to closest point of approach, isialdaded in the
definition (RTCA, 2@). KeepingRPAwell clear of other aircraft is not only a matter
of safety, butwill also ensure that the addition ®@PAto the civilairspacesystem
does not cause concern faonventional pilotsthat Traffic Alertand Collision
Avoidance SysterfTCA¥palerts andresolutionadvisoriesare not triggered
excessively, ahthat ATGvorkload is not increased.

Displaysto assist the pilot in remaining well cleeain beinformative suggestiveor

directive An informativedisplay providstraffic information but provideno further

guidance to the pilot. A suggestive display provides the pilot with a range of possible
YIySdzSNE YR YF& ekt ANBRAILIEISE JayA GKS LIATL 2
course of actionDirective displays give the pilot a single recommended maneuver

to remain well clearDirective guidance has been foundpooduce more rapigbilot

response timeshan informative or suggestive display®weverthe certification

requirements for a directiveystemare too great for them to be considered a

WY A YA Ydzy NIRjrigzFEaNE BEWEIY2016). In simulation trialssomparing

informative and suggestive display¥orie et al(2016)found that suggestive

displaysreducel the time it tookthe remote pilot to initiate ananeuver to remain
For the final version of this chapter refer to: Hobbs, A. (2017). Remotely Piloted Aircraft. In S. Landry
(Ed.), Handbook of Human Factors in Air Transportation Systems (pp 379-395). Boca Raton, FL: CRC
Press. This draft does not reflect editorial or layout changes made by the publishers.



12

well clear reduceal the size of the maneuver, and resedtin fewerand less severe
losses of well clear.

If the RPAfails to remain well clear of traffic, it may be necessary to make a collision
avoidarce maneuver. ThAirborne Collision Avoidan&ystemfor unmanned

aircraft (ACAS Xucurrentlyunder developmentwill provide a collision avoidance
system specifically fdRPAthat will be interoperable withthe TCA®f manned

aircraft. Given the possildly of link outages, and the need for a rapid pilot

response, it is likely thdtture RPAequipped with ACAS Xu wikked to ke capable

of making an autonomous response to a resolution advisory

Given the longecognized limitations of the seend-avoid principle (Hobbs, 1991),

a remote pilot with a welbesigned DAA display will almost certainly have a better

awareness of traffic than the pilot of a conventional aircraft whose only traffic

information comes from the view out the window. Furthermoikthe system is

capable of detecting aircraft that are notjeipped with transpondersthe remote

pilot may be aware of traffic thatoesnot appearoni KS O2y i NRf f SNDa & 02 LIS
ConsequentlyDAA systemsouldchange the patternsfocommunication between

pilotsand controllersForexample the workload ofcontrollerscould be raisedby

remote pilots calling withconcerrs about nearby traffic.

2.4. Control transfer

A unique feature of RPAS is tltantrol may be transferred Hlight between
adjacentconsoles, or between geographically separated control statidressfers
mayalso involve a change of control lirskych as fom satellite to terrestrial radio
communicationsHandovers produce an elevated risk of human emananytask
environments, icluding air traffic controlaircraft maintenanceand medicine
(Parke& Kanki2008) This also appears to be true for RPA&ryanas (206§
notesthat the control of a longenduranceRPAmay be transferred multiple times
during the course of a singleght, with each transfer contributing to a cumulative
risk of error or misunderstanding

Gontrol transfers require careful briefingsd checklist discipliné&everal RPA
accidents and incidents have involved failures to match the control settings on the
receiving control station with thadf the relinquishing control statioras illustrated

by the following example involvingteansferduring ground checks:
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a Xve had the aircraft engine at idle with the parking brake set, but when the

radio handover switched tX¥XX KS RARY Qi KI @S GKS LI NJAy3 ¢
power was set at 80%. The result was the engine revving up, and the

aircraft jumping its choclg €

Three possible styles ofter-control stationtransfercan be identified (seeigure4).

A seamlesdransfer would involve the instantaneous switching of control from one

control stationtothenext LYy | &aYIF 1S 0SF2NB &2dz oNBI1¢ (N
in command authoritypetween the receiving and relinquishing control statitin

both control stations have the ability to transmit commands to the RPA, there is

clearly a need for careful coordition to ensure thatboth pilots do notattempt to

uplink commandsimultaneously¢ KS a0 NBIF 1 0SF2NB &2dz YI1S¢ ai
the relinquishing control station shuts off ¢@mmandlink to the aircraft before the

receiving control station establishés commandlink, although both control

stationsmay continue to receivéhe downlinkfrom the RPA during thprocess

During the transfer gap, which could last several seconds or longer, neither pilot will

be able to send commands to the aircraftsped A GK ! ¢/ @il GKS I ANDON
board radio Although this style of transfer is currently used by some RPAS, the FAA

(2013) has stated that will not be acceptable for future operations in civil airspace

Despite the criticality oRPAS control transfgrmany questions remain

unanswered. For exampl&/hat design features are needed in the RPS to facilitate

transfers?How should pilots confirm that control settings are consistent between

the RPS before transferring control?

Seamless

Make before you break

Break before you make

Figure4. Three potential styles of control transfer.
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2.5. Thecontrol stationenvironment

The control stations adophisticated RPAS increasingly resemble industrial control

rooms or office workstationésee Figur®). The space may need to accommodate

not only pilots, but alstechnidans payload operatorsandmaintenance

personnef. AsaremotepilotK | & y2GSRY 6t S2LX S O02YS | yR 32>
doors and holding casual conversatioR#éging telephones, whispered remarks, and

other disturbances aainterrupt critical operations such as approach and landing

maneuwersthat demand silence and concentratiénMerlin, 2013 p.132.

Figureb. Control statios, left to right,for (a)Ge.neraI Atomics M@Q (NASAphoto, Tony Landis) (g ! { ! Qa
Global HawkKNAS/photo, Tony Landic)w | & (i K $h@agceddCorhmon Ground Station System (CG®S)o
courtesy Raytheon)

Anecdotal reports indicate thaturing critical iflight evenss, operationalpersonnel
will sometimesgather at the control station to obsena offer support It is unclear
how the presence of additional personnel affectew resource managemen®ne
remote pilot expressed it this way:

GLY YIYYySR IrivheI3 Micominand, but with UASfogtations,
there are multiple people who have a sense of responsibility for the aircraft.
So when there is something that needs attention many people run to the
GC3Ground Control Statiorg

I LILIX @Ay3 | ofly1StG aaGgSNRAES O201LIAGE LRt AOe
problems.Maintaining vigilance during periods of task undiead may emerge as

one of the greatest human factors challenges for R@€A®MIngs, Mastracchio,

Thornburg & Mkrtchyan, 2013)Thompson et al. (2006) found high levels of

boredom, reduced mood and chronic fatigue among United StateRoAde MQ1

Predator pilotsThey identified thecontrol station environment as a major

contributor to boredom Well-meaning effats to control distraction, such as

Z Additionally, there may be no reason why the RPS should not be wheelchair accessible.
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eliminating windows or prohibiting visitors may only serve to increase the monotony
of the piloting task. Furthermore, comfortablen-stimulating environments can
unmask fatigue, making it especially difficult for persel to remain aler(Moore-

Ede, 1993)In future, control stationsmustbe designed to maximizadlpt alertness
Solutions could includallowing pilots to work in a standing positioor vigilance
monitoring devicesimilar to those€ound in the cabs dbcomotives.

A final observation concerns the implicatioofsthe RPS environment for
maintenance personneUnlike the cockpit of a conventional aircraft, the RPS is
accessible tonaintainerswhile the aircraft is iflight. Scheduled maintenance, such
as software updates, should probably never occur while the RPA is airborne
However, nonrscheduled corrective maintenance may sometimes be necessary.
Examples are diagnosing arettifyingconsole lockups, rebooting computer
systems, and troubleshootimq@groblems with cable connections. Maintenance error
is a significant threat to the reliability of aviation systeraspecially when the
system is in an operational mode while maintenance is occu(Regson & Hobbs,
2003). If corrective maintenance is te performed on groundbased elements of
the RPAS while the RPA is airborne,ghevention and management of
maintenance errowill be especially important (Hobbs, 2010).

2.6. Controls and displays

The cockpits of conventional aircraft evolved gradually over decades, incorporating

LINAY OALX Sa fSIFENYSR FTNRY | OOARSyida IyR AYyOARS
¢Cé& FNNIYy3ISYSYy(d 2F LINAYFNE FEAIKG AyadNHzySyda
by touch, have helped to ease workload and reduce pilot ef@orrent-generation

control station interfaces rarely comply with aviation standards, @&y frequently

contain an assortmentf consumer electronicscluding computemonitors, pulk

downmend@t X 1 Seéo2 NR@EDf K PORE AR Az RSIAOSEA o621 NI A
Sarkani& Rico, 2013).

The human factors deficiencies of control stations have been widely des¢glgd

Cooke Pringle,Pedersen, & Connor, 20p@hysical ergonomics problems include

O2yUNRfta GKIG OFyy20 o0 dfficNBd-réex&Bms afdNR Y G KS LI f
color schemes, and unguarded controls that are susceptible to bumping or

inadvertent activation lobbs & Lyall, 206 Hopcroft, Burcht, & Vince, 2006

Pederen, Cooke, Pringle & Connor, 2006
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Control stations have also suffered from more subtle deficiencies in cognitive

ergonomics.A welldesignedRPSvould includefeatures such as feedback to the

pilot to confirmthat a command has been received, consistency across controls and

displays, appropriate prioritization of information provided by alarms and displays,

and control interfaces that minimize the need fmmplex sequences of inputts

performroutine or timecritical task{Hobbs &lyall, 20Bb). Yet these principles

have not always been applied in practice. For exantpdstana (2012) describes the
LINPOS&a UGKIFG Ydzad 0SS LISNF2N¥YSR o0& GKS LAf 210
1 ¢/ NBljdzSal wRYSARCYXNZY GKINRdsAff KAIKEAIKIG
ATC radar screeithe pilot must perform a sequence of seven steps using a trackball

to navigate puldown menu options. The same task in a manned aircaitbe

performed in a single step.

Thesame interfaces that make it difficult for the pilot to perform a task correctly can
also make it easy to make errors. Keyboard or meased controls may be

especially subject to skitlased slips when pilots have developed ve#irned action
sequenceshat can be triggered unintentionally:

42 KSy L | OGAGIGESR GKS 3SIHNI SEGSyarzys L dz
accidentally pressed the engine shutdown switch with my left hand because

the gear engage button is next to the engine shutdown switath lawas in a

hurry due to time pressuré

Design deficiencies that have been identified in current RPS include the foliowing

1 Presentation of nofAntegrated or raw datahat requirethe pilot to perform
additional cognitive processirtg extractmeaning(Tvaryana& Thompson,
2008; Neville et al.2012.

1 Lack of design consistency across controls and displays (Gawron, 1998)

1 Complicatedmulti-step sequences required to perform routine or tirogtical
tasks, often involving menu tree€@oke et al,, 2006; Pestana, 2012)

1 Reliance on text displays to the exclusion of other sources of information,
potentially introducing a foveal bottlenec¢hat restrictsthe flow of information
to the pilot (Hobbs & LyalR016b; Tvaraynas, 200).

1 Use of norstandard or counterintuitive language in text messages (Hobbs &
Lyall, 20b).

1 Norintuitive automation and inadequate mode annunciatid@opke et al.,
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2006; Williams, 2007)

Lack of feedback on pilot control inputs or system states (Tvaryanas &
Thompson, 2008)

Heavy reliance on memory to keep track of system status and flight plan details
(Neville et al., 201R

Multi-function displays and controls, particularly where a control may perform
both a critical and a noaritical function (Tvaryana& Thompson 2008 Hobbs &
Lyall 2016b; Neville et al., 201

Need for complex instrument scans (Tvaryanas & Thompson, .2008)

Difficulty indetecting and correctingrrors (Neville et al., 2012)

Poor hierarchy of presentation. e.qg. critical displthet can be obscured by nen
critical popup windows,and aproliferation of display screens (Hobbs & Lyall,
2016h).

Reliance on keypress sequences and shortcuts, incretmangsk of skilbased
slips and muscle memory errors (Neville et al., 2012)

Simgle auditory alarm tones with multiple meanings, and alarms that lose their
impact due to repeated activation (Hobbs, 20R0rabito et al., 2010)

Some of the design deficiencies in RPS might have been avmadeskisting human
factors standards beeapplied. In other cases, the problems reflect a lacRBAS
specificstandards. Several human factors guides for military RPAS currently exist
(Under Secretary of Defense, 2012; NATO, 2007, 26D9)ever, there are currently
no human factorsstandards fomon-military RFASoperatingin civilian airspacdn

order to avoid a piecemeal approach to guidelines development, Hobbs and Lyall
(20163) have proposed that future guidelines forilRPAS should (a) supplement
existing human factors guitiees by focusing on the unique requirements of
unmanned aviation, and (b) should be based on a systematic analysis of the tasks
that the pilot must perform via the RPS.
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[ Manage ]

Aviate Navigate Communicate |

Monitor and control aircraft cantroland Ror locati d ) )
systems, including automation I 8 e ST U e — Communicate with ATC

flight path of aircraft

T . . . ) I T
— Monitor consumable resources Remain clear of terrain, airspace Comr:.l:m(:actee w:t:1 other
boundaries and weather S

Monitor and configure control Communicate with other flight

Remain well-clear of other

station —] : )
S crew or ground support
=t M':Reut\lger tq avo]lctti co{llsmr_\s ReviewandretisanIocting il Comml'mlc:zte with atr;)cﬂl;ary
with other aircraft or terrain mission as necessary. services (e.g. weather
Monitor and control status of z 2
— ks Terminate flight

— Transfer control

Figure6. Responsibilities of the remote pilot.

Figure 6shows the primary safg-relatedtasksof the remote pilot when operating
in airspace shared with conventional aircraft. Some of thasksare common
across aviation but arespecially challenging féihe remote pild, perhaps due to
the lack of direct sensory cues or communication latencies. In other cases, the
remote pilot has unique responsibilities. These include monitoring the status of
control links, control transfetand flight termination.The draft RPS guideés
proposed byHobbs and Lyall (2@b) are structured aound the tasks shown in
figure 6 with a focus on displays and controls thatuld be unique to RPAS

2.7. Emergencies and flight termination

Faced with a serious dmoard problem such as a enginefailure, the pilot of a
conventionalaircraft will first consider whether a landing can be maatea nearby

airport. If that is not possible, an effirport emergency landing may be necessary.

Even if the aircraft stains damage, an emergenleymding can be considered a

success if the occupants are unscathed. The absence of human life onaooRfIA

markedly changes the nature of emergency decisimaking for theremote pilot. In
SaaSyO0Ssz GKS aYFyySR YAYRASI( éheairgditandt S+ Ra
its occupants may not transfer to unmanned aviatiarhere thesafety risks are

borne by the occupants of other aircraft and uninvolved individuals on the ground.

In an emergency, theemote pilot may be faced witlthe followingoptions:
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attempt a landing at a suitable airfigld

attempt a controlled offairport landing or ditching

activate a parachute systenor

activate a flight termination system that will cause the aircraftdscend to a
controlled impact.

= =4 4 A

Flight termination systems introduce the risk of inadvertent activatibisworth
notingthat the first loss of a Global Hawk RPA occurred when a flight termination
message was sent by mistake (Hobbs, 20L8¢guidelinesof Hobbs and Lyall

(201b recanmend a range of precautiorisr parachute or flight termination
systems These include a requirement ftwo distinct and dissimilar actions to
initiate a flight termination aural and visual warnisgo the crew before the final
activation of the systemand controls designed to minimize the likelihood of
unintentionalactivation.

The flight planning for a large RPA can be expected to include the identification of
suitable sites for flight terminatiorzor examplein 2007, NASAsuccessfullyised its
Ikhana RPA to monitavildfires in the western United StatéBuoni & Howell,

2008) As part of the risk management plan tbis mission, NASA identifiedlarge
number of potential sites foemergency landingor crasles, as shown ikigure 7
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Figure7. Over 280 emergency landing sites were identifed NJ b! { ! Qa L1 KFyl GgAThKRFANSE Y2y Al2N
aircraft could have been directed to glide to one of these sites in the event of a complete and irreversible engine
failure.

Even if potential ises for flight termination have been pigelected, in the event of
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an emergencyit may be necessary confirm that theselected site is clear of
peopleandproperty. If the linkislikely to beinterrupted as the aircraft descends,
the pilot may have t@ct quickly to interpret sensor data from the RPA, select a
suitablesite, and sendthe necessargommands to the RP#t early stage in the
descent Automated decisiorsupportaids that recommend a site after analyzing
sensor data magssist the pilot inhese timecritical situations (PattersomcClean,
Morrow, & Parr2012).

2.8. Required competencies of flight crew

The FAA2013 has stated that RPAS capable of operating in the US National
Airspace System must have a pilot in command, howevendatislear what
gualifications this person will need to possess. Despite the diversity of RPAS, there
are likely to be core competencies that will apply across systesteted to thepilot
responsibilitiesshown in Figure @GRecommenckd training requiremers for remote
pilots operating in civil airspadeave been produced by SAE (201MHese
requirementsaddress thaunique issues such as control transfer and link
management, as well as identifying syllabus items from manned aviation that would
no longer baelevant to RPARemotepilots may also require netechnical skills
training focusing on unique issues such as flight termination decisions,
communication and coordination with remote cremembers, control transfers, and
the impact of reduced sensory esi on threat and error managememlthough SAE
assumes that manned experience will not be necessary to operate an RPAS, this
issue is far from settledSome military RPAS are operated by personnel with no
flying experienceyet itseems likely thatonventional piloting experienasill

provide theremote pilot with insights or attitudes that contribute to safe

operations

Finally, it should be noted thatvith the pilot no lon@r co-located with the aircratft,
the task of piloting could be outsouwd to virtually anywhere in the world, just as
airline maintenancetasks havéeen outsourced to low cost location@ne
advantage could ba reduced need for pilots to wouduring the night, if control can
be transferrecbetween control stations in diffent time zones

3. CONCLUDINGOMMENTS

Virtually every aspect of RPAS, from interface design, to interaction with ATC, and

pilot decisionmaking, demands attention from the human factors professlan.
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many casesxistinghuman factorknowledge fromaviationand other industries
can be appliedlirectly to RPAS-or examplethe application oftockpit design
standardscould help to improve someontrol stationinterfaces. In other cases
RPAS operationiatroducea unique set of human factors thaivenot yet been
clearly identified or examined.

Much of this chapter has been focused wmansweredjuestions Virtually every

aspect of RPA%om interface design, interaction with ATC, and pilot decision

making demands attention from the human factgn®fession.For examplewhat

gAft 0SS GKS wt! { Sldz @I f Syldde@sormakicg ¢ . |
affected by the lack of shared fate between tlenote pilot and the aircraft? How

can we make best use of the positive contribution that hmsanake to the

performance ofremotely operatedsystems?

Some of the emerging RPAS issues considered in this chapter will increasingly apply
to conventional aircraftModern airline aircraft are already equipped with
communication linkghat enable techntal personnel on the ground teceive real

time performancedata fromengines and other systemRecent airline crashes

resulting from pilot incapacitation analicious actsnayaccelerate the development

of systemghat will enable flight crew on the guond totake control of an airliner in

an emergencyThe act of transferringontrol from the cockpit to the grounavould
instantlytransforma conventional aircraft into @assengercarryingRPAS.

Researchers have only just begun to examine the numdnaosan factorsand
securityconsiderationf this concep{Comerford et al.2013)

Throughout the 28 century, developments in aviation human factors often

occurred in response to accidentn approach sometimes referred to as

G G2 Yo adl 28Ihe §dars &hdadlye must glean every available lesson from
RPA accidents. However, we must also aim to identify RPAS human factors in a less
costly mannerincident investigations,isulations and applied research will be
essential to ensure that the integtion of RPAS into civil airspace can occur safely
and efficiently.
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